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Characteristics and Trends in a National Study of Consumer Outage Costs

ABSTRACT

Ensuring reliability has and will continue to be a priority for electricity industry
restructuring. Assessing the balance between public and private actions to ensure
reliability should be guided in part by an understanding of the value of reliability to the
nations' residential, commercial and industrial customers. Yet, there is no
comprehensive body of information on this topic. This paper begins to address this
information gap by analyzing studies conducted by electric utilities over the past 15
years to assess the value of electric service to their customers. Outage cost
measurements prepared by 7 electric utilities through 20 studies are assembled and
standardized into a national database of customer interruption costs. The database is
used to describe trends in interruption costs, and regional (geographic) differences,
differences in interruption costs by customer type. It can also be used to estimate
customer damage functions.. Results from the study are intended to contribute to an
improved understanding of the importance of electricity reliability to the nation.
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Characteristics and Trends in a National Study of Consumer Outage Costs
INTRODUCTION

Ensuring reliability has and will continue to be a priority for electricity industry
restructuring. Given that efforts to restructure wholesale and retail markets to date have
not been very successful, carefully designed public policies that reestablish electric
system security and reliability and encourage cost-effective reductions in demand and
consumption are clearly needed. We submit that a critical consideration — often missing
from current discussions — should be the economic consequences of electric service
unreliability.

That is, assessing the balance between public and private actions to ensure
reliability should be guided in part by an understanding of the value of reliability to the
nations' residential, commercial and industrial customers. Common sense and a
considerable amount of empirical evidence indicate that electric utility customers incur
substantial economic costs as a result of electric service reliability problems. It is
appropriate to consider these costs are in assessing future restructuring policies,
including the design and operation of wholesale electricity markets, the creation of
incentives, tariffs, or programs to encourage investment in electricity generation,
transmission, and distribution, including demand response.

Yet, there is no comprehensive body of information on this topic. A recent review
of the available literature on the cost of reliability and power quality concluded (Eto, et al
2001):

o There are few estimates of the aggregate cost of unreliable power to the U.S.
economy; and the estimates that are available are undocumented or based on
questionable assumptions;

o Costs of large-scale outage events (e.g., State or region wide power outages)
are not well documented and mostly based on natural disasters for which it
difficult to separate costs of electric interruptions from damages caused by other
disaster features (e.g., property damage from wind or water);

o Studies of hypothetical outages obtained from outage cost surveys could be used
to prepare aggregate estimates of outage costs. However, there are important
differences in the survey and statistical methodologies used in the studies that
have been conducted that must be addressed in a meta-analysis.

o Very little information is available in the public domain regarding the costs of
power quality problems — an increasingly important aspect of service reliability.

This paper begins to address this information gap by analyzing studies
conducted by electric utilities over the past 15 years to assess the value of electric
service to their customers. Most of the studies employed a common survey
methodology including sample designs, measurement protocols, survey instruments and
operating procedures. This methodology is described in detail in EPRI’s Outage Cost
Estimation Guidebook (Sullivan and Keane 1995). Utilities that used a variant of the
approach outlined in the Guidebook include the following:
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e Southern Company (1987, 1999)
¢ Niagra Mohawk (1985)
Duke Energy Company (1992, 1997)
Bonneville Power Administration (1987)
Salt River Project (2000)
Pacific Gas and Electric Company (1986, 1987, 1989, 1993, 1996)
Puget Sound Energy (1999)
Cinergy (1998)
Southern California Edison Company (1987 and 2000)
An unnamed Florida utility (1987).

The areas that can be represented by the above utilities include virtually all the
Southeast, most of the Western U.S. (including almost all of California, rural Washington
and Oregon and the largest metropolitan areas in Arizona and Washington), the Midwest
south and east of Chicago and the Northeast (principally rural areas). The time frame
covered by the studies ranges from as early as 1985 to as late as 2000. In several
major studies (e.g., Southern California Edison, Pacific Gas and Electric and Duke
Energy) the same customer classes were surveyed using virtually identical survey
instruments at different points in time — sometimes separated by as much as 10 years.
There are also studies in which interruption costs of similar customer populations (e.qg.,
residential customers) were observed roughly at the same time using nearly identical
measurement protocols for utilities located in different places (e.g., Southern California
Edison 2000 v. Salt River Project 2000 v. Puget Sound Energy 1999). In almost all of
these cases, detailed demographic and firma-graphic information was collected from
study respondents and incorporated into an eventual digital database of results. Many
of these studies were documented in a variety of publications: an extensive reference
list of outage cost studies, with abstracts, can be found in Eto, et al., 2001.

In addition, several of the above studies specifically focused on measuring the
economic costs of power quality disturbances for large commercial and industrial
concerns (i.e., Duke Energy, Southern Company, Cinergy and Salt River Project). The
studies carried out for Cinergy and Salt River Project collected both direct cost estimates
of power quality disturbances and cost estimates using hedonic methods (e.g.,
Willingness-To-Pay experiments).

The number of studies, span of time and wide geographical scope of the prior
research make it an extremely valuable source of information on customer interruption
costs arising from all kinds of reliability problems. By making simple and reasonable
assumptions (about the generalizability of existing survey findings to adjacent
geographical areas), the results from these studies can be extended to the nation and
major national grid regions.

In this paper, outage cost measurements prepared by 7 electric utilities through
21 studies are assembled and standardized into a national database of customer
interruption costs. The database is used to describe trends in interruption costs, and
regional (geographic) differences, differences in interruption costs by customer type.
We also provide a short preview of the customer damage functions that are discussed
separately in the complete technical report from this project (Lawton, Eto, Katz, Sullivan
2003).
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METHOD

The principle task in preparing the information used in this study was the creation
of databases for each of three distinct customer groups: residential, small-medium
commercial and industrial, and large commercial and industrial. The process involved:

1. Contacting the utilities that had conducted customer interruption cost (or Value of
Service) studies;

2. Negotiating agreement(s) to participate in the study, including agreements not to

disclose customer-specific information or present information that could be attributed

to an individual firm;

Obtaining the data sets, codebooks, and original survey questionnaires;

Standardizing each data set in terms of variable selection and construct;

Merging the datasets;

Normalizing prices to a common base, using the 2002 consumer price index; and

Reviewing the data to exclude outliers and other data anomalies.

Nookow

Altogether, 20 data sets were acquired, standardized, and merged. In Tables 1-3, we
present the basic structure of the data set. All variables were standardized to reflect the
most common metric (e.g., hours into minutes, or summing up all of the costs and
subtracting savings to account for the variations in those calculations).

TABLE 1: DATA VARIABLES RESIDENTIAL

Scenario Specific to Outage Cost Respondent Specific Demographic and
Calculations Other Descriptor Variables
Season Year of survey
Hour of day Geographic Region
Day of week Housing type and ownership
Duration Heat/cooling indices
Warning given Sick bed or Medical and Medical equipment
Willingness to Pay Home business
Willingness to receive credit HH income
Average kW usage Number of outages in previous 12 months
Back up generator
Acceptable Service measures
Grid area
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TABLE 2: DATA VARIABLES — SMALL/MEDIUM C&l

Scenario Specific to Outage Cost
Calculations

Respondent Specific Demographic and
Other Descriptor Variables

Season Year of survey

Hour of day Geographic Region
Day of week SIC

Duration Heat/cooling indices

Warning given

Number of employees

Outage cost per event

Grid area

Outage cost per kWh

Acceptable service measures

Peak kW demand

Number of outages in previous 12 months

Annual usage

Back up generator

TABLE 3: DATA VARIABLES — LARGE C&l

Scenario Specific to Outage Cost
Calculations

Respondent Specific Demographic and
Other Descriptor Variables

Season Year of survey

Hour of day Geographic Region
Day of week SIC

Duration Heat/cooling indices

Warning given

Number of employees

Outage cost per event

Grid area

Outage cost per kWh

Acceptable service measures

Peak kW demand

Number of outages in previous 12 months

Annual usage

Back up generator

RESULTS

This section presents summary statistics on the entire data set, starting with
findings from the pooled data from the commercial and industrial surveys, followed by
pooled data from the residential willingness to pay studies. We also provide a short
preview of the customer damage functions that are discussed separately in the complete
technical report from this project (Lawton, Eto, Katz, Sullivan 2003).
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Commercial and Industrial Outage Costs

In Table 4a, we see that for the large commercial and industrial companies, the
average per event cost for all regions, and all studies (standardized into 2002 dollars) is
$59,983, with the Southwest reporting the highest per event cost of over $86,000. The
highest Cost per annual kWh (and cost per peak kW) is in the western region.

For the small-medium C&l, the West is not only highest for kWh and kW, it’s also
the highest for average total cost per event, at $4,581, compared to the average for all
regions of $1,859. The cost per peak kW and per annual kWh is also noticeably higher
for the West.

When comparing the results for C&l over time, we see that in general, cost per
event and cost per peak kW have declined. For large C&l, the one hour event cost
averaged nearly $47,000 but by the most recent study in 2002, costs had fallen to under
$29,000. A similar pattern was exhibited for the small-medium C&l, where costs
declined from $3,124 to $1,369. The cost per kWh and cost per peak kW spiked in the
1990-95 time period, but declined subsequently.

Residential Willingness to Pay and Credit Amounts

Willingness-to-Pay results averaged $6.82, with consistency across all regions
except the west. The results across time indicate that costs have doubled, from $3.869
before 1990 for a one hour outage to $6.989 in more recent years. This result is
consistent with other internal studies. Credit amounts also doubled, from $6.192 before
1990 for a one hour outage, to $13.079. Numerous demographic and socioeconomic
changes (e.g., the growth of the elderly population and the increase in computers and
other electronics products in the home) may account for some of this change.
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Customer Damage Functions

We also include figures to show the pattern of customer damage functions (Goel
and Billinton, 1994), as indicated here (in Figures 1-2) cost per event. Note that the
costs spike upward in the longest durations for the West and Southeast, instead of
turning downward as one might expect as businesses wind down their working day.

This result may be due to a feature of multiple manufacturing shifts. Residential outages
tend to increase with length of outage as food spoils and inconvenience mounts.

FIGURE 1: CUSTOMER DAMAGE FUNCTIONS — LARGE C&l

Large Industrial Customer Damage Function by Region
—&— All regions
200,000.00 - |—#—Northwest

180,000.00 -| | —#&— Southwest
160,000.00 -| |—— Southeast
140,000.00 | |—K—West

120,000.00 1 |—@— Midwest
100,000.00 -
80,000.00 -
60,000.00 -
40,000.00 -
20,000.00 -

Total Cost per Event

<2 min 2-20 1 hours 4 hours 8 hours

Outage Duration
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FIGURE 2: CUSTOMER DAMAGE FUNCTION — SMALL-MEDIUM C&l
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FIGURE 3: CUSTOMER DAMAGE FUNCTION - RESIDENTIAL
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DISCUSSION

Results from this paper and the larger study from which these results are drawn
are intended to contribute to an improved understanding of the importance of electricity
reliability to the nation (Lawton, Eto, Katz, Sullivan 2003). From this perspective, we
believe it is essential that more information of the type presented in this paper be made
available in the public domain to better inform future public and private decisions on
reliability.

In this discussion, however, we turn to a critical issue that must be addressed in
pursuing this objective: utility concerns regarding the liability risks that might be created
by increasing the amount of information on the value of reliability that is available in the
public domain. It is our position that these risks are minimal.

Customers sometimes bring legal actions against utilities attempting to recover
economic losses resulting from service interruptions. Historically, these actions have
been brought by individual parties, but a few class actions have been filed in recent
years. In a case brought by an individual, three things must be proven. They are:

1. defendant was negligent;
2. plaintiff sustained damages (usually monetary in nature); and
3. damages equaled some provable economic loss.

Results from interruption cost surveys cannot be used to prove that a given party
sustained damage during an outage or quantify the magnitude of their economic loss.
The primary reason this is so is that interruption cost surveys do not measure the
damages and economic losses experienced by plaintiffs in the matter at hand. They
measure damages and economic losses for a statistical population that may be more or
less similar to plaintiff along any number of dimensions. As such, they are nothing more
than interesting facts; they are irrelevant to the issues that must be proven in a tort. In a
tort, along with proving negligence, plaintiffs must show they were damaged and provide
proof of their economic losses; not that the average person would have been damaged
and suffered a certain economic loss on the average. Information from interruption cost
surveys is useful for proving the latter proposition, but not the former.
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In class actions, where the existence of numerous plaintiffs makes the use of

statistical methods almost a necessity, legal scholars have been more liberal in their
adoption of statistical surveys in finding damages and assessing their economic worth.
In these cases, plaintiffs have the added burden of showing that there is a commonality
of exposure and injury among class members that justifies treating all the members of
the class alike. If any thing, results of interruption cost surveys provide strong evidence
that (1) it cannot be presumed that interruption of electric power necessarily damages all
customers and (2) costs from power outages vary widely with circumstances, with
seemingly similar customers experiencing little or no loss while others suffer serious
losses. In effect, these studies show that some parties sustain damages and losses
under circumstances when other similarly situated parties do not. These facts lend
support to the notion that insufficient commonality exists among electric customers to
justify class certification. To date, there have been no successful class action lawsuits
brought by electric customers in matters related to service reliability because courts
have generally refused to certify classes because of lack of commonality.

CONCLUSION

This paper has presented partial findings from a national database of customer
outage costs developed from information developed through 20 studies conducted by
provided 7 electric utilities over the past 15 years. We used the database to describe
trends in interruption costs, and regional (geographic) differences, differences in
interruption costs by customer type. We also provided a short preview of the customer
damage functions that are discussed separately in the complete technical report from
the project. These results are the first fruits of the extensive study. In the larger study,
we will be exploring the effects of other factors related to the outage scenarios and
characteristics of the households and firms. Multivariate analyses for the outage details,
such as duration, whether a warning was given, season, time of day, day of week, etc.
will disentangle the effects of outages. Detailed tables with characteristics such as SIC
code will add further insight.

Given the utility concerns regarding the making information from their studies
availability in the public domain, we discussed the liability risks that might be created
from presenting aggregated information in this fashion and conclude that these risks are
minimal. Results from this paper and the larger study from which these results are
drawn are intended to contribute to an improved understanding of the importance of
electricity reliability to the nation.
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